Plasma lactoferrin was measured within 24 h of birth in 23 preterm infants of between 24 and 36 weeks gestation. Lactoferrin concentrations fell with decreasing gestational age whilst the incidence of subsequent infection rose. Sequential measurements on a subgroup of 10 preterm infants showed that even when initiallactoferrin concentrations were within the range for term infants, they fell during the first week. Lactoferrin concentrations in preterm babies may rise transiently, such increases often being associated with clinical signs of infection. A rise in plasma lactoferrin of 200 JlgjL or more over a period of less than 48 h is suggestive of infection. These findings are discussed in terms of both the possible role oflactoferrin, and the clinical usefulness of the measurement.
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Plasma lactoferrin concentrations in term infants are considerably higher than those found in adults.' This study was undertaken to determine if this remains true for plasma lactoferrin in preterm infants, and how such plasma levels may change in response to infection.
Lactoferrin, an iron binding protein similar to transferrin, is present in the plasma but at a very much lower concentration than that of transferrin. It has a greater affinity for iron, but a very much shorter half-life in the circulation. ' The role of lactoferrin is still disputed. It could control the concentration of the minute amounts of 'free' iron in the vicinity of the neutrophil, thereby reducing the iron available for either bacterial multiplication! or free radical production.' Alternatively lactoferrin may affect the adhesion of granulocytes to vascular membranes in the context of the local inflammatory response.' Whatever the precise role, lactoferrin responds to the stimulus of infection in children and adults as an acute phase protein."
Susceptibility of the immature preterm infant to infection remains a recurring problem. Clinical signs are non-specific and may include jaundice, hepatomegaly, vomiting and diarrhoea, abdominal distention, and convulsions.' Symptoms may therefore mimic other medical or surgical conditions including inherited metabolic disease. Confirmation ofinfection is not simple, and in routine practice only a very small percentage of events clinically classified as infection are associated 412 with positive blood or other cultures. Therefore there is prompt and widespread use of antibiotics at the first suspicion. A reliable biochemical indicator of infection would help diagnostically and could perhaps reduce the use of antibiotics. Having found CRP measurement in the neonate to be unsatisfactory for this purpose, we therefore determined to evaluate the measurement of plasma lactoferrin in an effort to provide paediatric practice with a more satisfactory marker to set alongside clinical judgement.
Subjects and Methods

SUBJECTS
Blood, either capillary or venous, was obtained from 23 infants on the Mary Crosse Unit (SCBU), gestational age between 24 and 36 weeks, mean birthweight 1·66 kg (standard deviation 0·68 kg). No selection was employed other than the availability of the blood specimen; for all 23 infants blood was obtained within 24 h of birth. Plasma used for lactoferrin determination was always that excess remaining after other routine blood investigations had been performed. Details of the pregnancy were obtained retrospectively, particularly noting instances of maternal infection (3 out of 23), fetal bradycardia (7 out of 23) and prolonged rupture of membranes (6 out of 23).
In a subgroup of 10 infants the availability of further plasma specimens allowed sequential lac- toferrin measurements to be made. These infants are designated A to J in Table I , and in the succeeding discussion. Four babies were very preterm (less than 30 weeks gestation); none had fetal bradycardia but two (A and B) had maternal prolonged rupture of membranes and with one (B) there was maternal pyrexia. Twins (C and D) were delivered by caesarian section. Strep pyrogenes (Lancefield Group F) was cultured from infant A, and Staph epidermidis from infant B. Of the remaining six babies, the other twins (1 and J) were also delivered by caesarian section, one baby (H) by forceps, but the rest by normal vaginal delivery; two babies had fetal bradycardia (E and H), and the twins had maternal antibiotic therapy for a urinary tract infection. Some babies had physiological jaundice for which they required phototherapy.
Methods
Plasma lactoferrin was measured by an enzyme immunoassay as previously described. I A clinical assessment of the babies was performed retrospectively but without reference to the lactoferrin results to determine periods of either confirmed infection or high clinical suspicion, using the criteria of Klein.' shown to involve release of several intragranular proteins, one ofwhich is lactoferrin. It is generally accepted that in the adult most circulating lactoferrin originates from the neutrophil. However this may not be so in the term infant where levels of lactoferrin are very much higher for the first three months of life.' Whatever its origin, in this paper we describe a pattern oflactoferrin production which is in marked contrast to that found in term babies. Our findings suggested that the more preterm the infant, the lower are lactoferrin concentrations at birth. This is unlikely to be a reflection simply of the number of neutrophils in circulation as there is little difference between the neutrophil count in preterm and term infants." What is surprising is that even where the concentration immediately after birth is within the range found in term babies, it falls over the first days of life to end up indistinguishable from that found in other preterm infants at the bottom of or below the range found in term infants. Venge et al? have shown that serum lactoferrin levels were significantly lower in a group of infection-prone children than in a control group of normal children. However we were unable to show any relationship between plasma lactoferrin level at birth and fetal bradycardia or such obvious maternal factors as prolonged rupture of membranes and infection. Further work is required to define those factors which determine the high level oflactoferrin production in term infants but not in preterm infants whether the protein originates from neutrophils or from some alternative source.
Sequential lactoferrin measurements suggest that superimposed upon this basic pattern is one involving rapid rise and fall in lactoferrin with peak concentrations well within the range found .' "
Discussion between fetal bradycardia, prolonged rupture of membranes, or maternal infection. Whilst lactoferrin concentrations in very preterm babies are low at first, they do rise to levels within or above the range for term babies. However these increases seem to be short lived and associated with periods of suspected infection (Fig 2) . Those babies who are less preterm appear initially to have lactoferrin levels which are similar to those of term babies, but they fall over the first days of life to levels similar to those of the very preterm (Fig. 3 ).
In the absence of an absolute standard for confirming neonatal infection this work had to rely on clinical criteria. Using an increase in lactoferrin greater than 200 J.lg/L in less than 48 h as a discriminant, comparison was made with clinical judgement of infection (abnormal chest X-ray, bradycardia, abdominal distention, diarrhoea). The results are shown in Table 1 . These indicate a substantial degree of agreement, with only two episodes of infection not being associated with this degree of rise in lactoferrin, and with only four incidents of positive lactoferrin rise not being associated with clinical judgement of infection. .' " B """"" u 600
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in term infants. Such changes appeared to coincide on a number of occasions with clinical signs of infection, though we failed in most cases to obtain microbiological confirmation. Such short lived increases suggest that the clearance of lactoferrin from the infant plasma is extremely rapid. In adults lactoferrin, especially when saturated with iron, is very rapidly sequestered from the circulation.! Gutteberg et al.", in a study of single lactoferrin measurements in newborn infants with severe infections, found that less than half those with proven bacterial infection had elevated serum lactoferrin. We feel that sequential measurements are necessary, and that an increase of200 Jl.g/L or above over a period of less than 48 h is highly suggestive of infection.
Though the role of lactoferrin in the hypo ferraemic response to sepsis is disputed," there is considerable clinical evidence that procedures which increase the iron saturation of binding protein are also associated with an increase in susceptibility to infection. 12· 14 Preterm infants have lower plasma transferrin levels than term infants 'S and a significantly greater number have transferrin saturations of greater than 60%. The finding of reduced plasma lactoferrin in markedly pre term infants who will also have low transferrin levels must be significant for the concentration of free iron. Free iron has been implicated in free radical production.w!? and in this respect lactoferrin has been shown to limit lipid peroxidation." Further clarification of the role of lactoferrin in the neonatal inflammatory response is required.
This study has provided information on plasma lactoferrin concentrations in preterm infants during the first weeks of life, and demonstrated that lactoferrin may be a sensitive marker of infection in the neonate. However, interpretation of a single value is extremely difficult and serial results are required for useful information to be obtained. With the advent of highly sensitive immunoassay systems able to give rapid results it may soon be possible to offer daily plasma lactoferrin measurements in this way.
